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The times that are required to work out the problems can easily be measured by using a watch with
a second hand or a digital watch with a stop watch mode. When measuring the period of a ride that
involves harmonic or circular motion, measure the rime for several repetitions of the motion. This
will give a better estimate of the period of motion than just measuring one repetition. You may
want to make two or three measuements of the time, and then average your results.

D ISTAN{C E

Since you cannot interfere with the normal operation of the rides, you will not be able to directly
measu.re heights, diameters, etc. All but a few of the distances can be measued remotely using the
following methods. They will give you a reasonable estimate. Try to keep consistent units, e.g.
mete$, centimeters, etc., to make calculations easier.

Pacing: Determine the length of your stride by walking at your normal rate over a measured
distance. Divide the distance by the number of steps and you can get the average distance
per step. Knowing this, you can pace off horizontal distances.

lvly pace =

Ride Structure: Distance esdmates can be obtained by making use of regularities in the
structure of the ride. For example, tracks may have regularly spaced ffoss-members as
shown rn figure a. The distance d can be estimated, and by counring the number of cross
members, distances along the track can be determined. This method can be used for both
vertical and horizontal distances.
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Tr:re k Figure a

Triangulation: For measuring height by triangulation, an astrolabe such as that shown in
Jigure D can be used (see next page).

Practice this with the'school f lagpole before you come to the park.

Suppose the heights h.' of the roller coaster must be determined.

I . lvleasure the disrance berween you and the ride. You can pace off the distance.

distance d: m

2. lvleasure the height of the sighting tube.

sighting tube height h2: hr=

Take a sighting at the highest point of the ride.

Read off the anele of elevation.
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angle of elevation

Figure b

Then since
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I\4ultiply this tangent \'a]ue b1' the distance from the ride: hr =

Add this product to the height of the sighting tube:

This number is the heisht of the ride.

Other: There are other ways to measure distance. If 1,eu can think of one, use it. For
example, a similar but more complex triangulation could be used. If you can't measure the
distance L because you can't get close to the base of the structure, use the Law of Sines as
rn figure c below

Figure c
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ln linear motion, the average speed of an object is given by:

Ad
vave - 

Al

ln circular motion, where speed of rotation is constant:

Ad Znr
\ tvave - 

At Ad

Both these cases involve fairly constant speed. Be careful of measuring speed when the speed
is changing. If you want to determine the speed at a particular point on the track, measure the
time that it takes for the length of the train to pass that particular point. The rrain's speed then
is given by:

r, _ Ad _ length of train
'ave -  

& 
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t ime to pass point

In a situation where it can be assumed that total mechanical energy is conserved, the speed of
an object can be calculated using energy considerations. Suppose the speed at point C is to be
determined (see figure d). From the principle of conservarion of total mechanical energy it
follows that:

\

PEe + lGa =PEc +KEq

mghe + I lZmvsz =mghc + l l \mvsz

Since mass is constant, solving for vq,

Figure d

Thus by measurilg the. spee-d of the train at point A, and the heighrs ha and hq, rhe speed of
the rain at point C can be calculated.

2g(he
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ACCELERATION

Acceleromerers a.re designed to record the g forces felt by a passenger. Accelerometers are usually
oriented to provide force data perpendicular to the track, longitudinally aiong the u'ack, or laterally
to the right or left of the track (see figure e).

La tc ra l

A,  ucc l  c  rat  i  on

Figure  e
V c r t r c a l

.A ccc lc rul  ion

Accelerometers are calibrated in g's. A reading of 1 g equals an acceleradon of 9.8 m/s2. As 1,ou
live on earth, you normalll' experience 1 g of acceleration vertically (no g's lateraliy or
longitudinally). Listed below are the sensations of various 'g 

forces'. These are rough estimates,
but may be helpful in estimating accelerations on the various rides.

Accelerometer
Read ins Sensa t i on

3e 3 times hear.ier than normal (maximum s's pulled by space shuttle astronauts)

2e r$,ice normal rveieht

t o normal weisht

0.5 s half-normal weisht

0s weiehtlessness (no force berween rider and coaster)

- O 5  s
D

half-normal weight -- but directed upu'ard away from coaster seat
(weisht measured on bathroom scale mounted at rider's head!)
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LATERAL ACCELERATION

The Astrolabe as Accelerometer
The astrolabe discussed earlier as a triangulation instrument may also be used to measure
lateral accelerations. The device is held with the sighring tube horizontal, and the weights
swing to one side as you round a curve. From the angle by which they deviate from the
center, the acceleration can be determined. See the drawing below (figure,fl, which
shows how lead balls in a semicircular rube deviate when'the rube is carried round a corner:

41f J2513

_rl

.is$
)-'Y/
7- 

lrng

d -'t-

-
Lateral ,...l.lton = 

"F igure  f

NOTE that the weights deviate in the direction OPPOSITE to that of the acceleration vector!

Centripetal Acceleration: With uniform circular morion remember that:

and the cencripetal acceleration is given by:

n

;

where r is the radius of the ckcle and t is the period of rotarion.

Thus centripetal acceieration can be measured on a ride.

o +
I

F cosQ = m-q

F sinQ = ;nn

solv ing for  a:

a - g t a n O
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VERTICAL ACCELERATION

The forces on the masses are shown in the diagram.
(figure g).

If the person is holding the scale right side up, then:

S I J I I C

A simple device for measuring vert ical

accelerations is a 0-5 Newton spring scale

i1H u'ith a 100 g mass anached. The plastic tubes
', u,ith springi and fishing weights approximate

t.:, this equipment. The forces on the mass are

l'tir.{ | as drawn u'here F1 is the reading on the
I N \ scale.

-T-

i
I

I
I

r

t -1-
Ill ti R

?

Figure g
Ft = mg * IllQruacy Or

since m is consta-nt,

& r=g+aRornn=3 r -g
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If the penon is hoiding the scale upside do*'n against gravity as might be found at the top of a

giant looper, then

a*= - (a1+g ) i.e. acceleration is uDu,ards

ln either situation, then, the acceleration can be calculated by knowing Fr(or af).

LONGITUDINAL ACCELERATION

Acceleration of a person on a ride can also be determined by direct calculation.

Down an incline, the average acceleration of an object is defrned as:

Av v2 -  v l  _  change in  speed
-^.,^ = - =save - 

At tz - t i  change in t ime

Using methds previously discussed it is possible to estimate speeds at both the top and bonom

of the hili and the time it takes for the coaster to make the trip. Thus average acceleration can

be found during that porrion of the ride.
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The Great Bear-Vertical Acceleration
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